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Studies in the theory of scientific research. Part 1.
Theory of information transfer by scientific publications:
Basic rules to optimise the effect of scientific communication1
Kao Lin, Shiu Sisako, and Josef Horák2
Institute of Chemical Technology, Prague
This paper addresses a number of elements involved in the process of sharing infor-
mation and knowledge, i.e. needs, transfer, and disclosure in scientific environment. It
concerns standards and conventions, which science communicators should learn as they
develop into true scientists. In other words, scientists beginners should learn how to
present their work to the scientific community; how to select information and put it into
a desirable format. The most important medium for knowledge production and exchange
between scientists are peer reviewed journals. Unfortunately, in chemical literature only
a negligible attention is paid to teaching how to communicate science successfully.
Therefore, the aim of this paper is to give beginners the basics of how to write a high
quality scientific publication.
Paper title
The title is the most important part of the pa-
per. Once the subject is known, one can make up
the title, taking into account certain important fac-
tors. Beginners might think that the title must ex-
actly reflect the subject. However, some degree of
freedom is allowed. It is an absolute imperative to
make up a flashy title to arouse reader’s curiosity
and get them go to the article, convinced that it is
an extraordinary masterpiece by a respectable au-
thor from an institution of world renown. There-
fore, the author should fill the title with as many
fashionable terms as possible, such as optimisation,
model, simulation, computer, structure, relation-
ship, quantum, mechanism, system, process, and so
on, including all derivatives of these terms and their
combinations. To extend this list, please check a re-
cent issue of Chemical Abstracts.
The following story illustrates how to coin a
flamboyant title. A chemist employed in the cos-
metic industry requested a collaborative lab to con-
duct a minor test to see if a hair lotion released acids
if treated by an alkali at room temperature. Collabo-
rative lab scientists carried out several experiments
with as much care as befitted the negligible amount
of money offered for the job. No sooner had the
study been completed than the absent-minded col-
league from the cosmetic industry apologised for
sending a wrong bottle with ethyl acetate instead of
hair lotion. To make up for the lost valuable time, the
lab staff decided to publish the obtained experimen-
tal results. Now, an inexperienced researcher would
entitle this work “A study of ethyl acetate hydrolysis
by an NaOH solution”. However, this simple title
would not arouse any interest even in a junior stu-
dent, let alone an old research warhorse. An experi-
enced scientist would think along the following
lines: obviously, living organisms contain all kinds
of chemical compounds, including esters. In addi-
tion, they live at temperatures between 0 °C and
50 °C and are mostly made of water. Hence, the title
“A study of the mechanisms governing metabolic re-
actions in biochemical models at conditions analo-
gous to physiological. Part 1. Solvolysis of com-
pounds containing an ester functional group: Hydro-
lysis of ethyl acetate in the presence of sodium hy-
droxide at a higher concentration range”.
It is unnecessary to discuss the blatant differ-
ence between the first and the second title. The fact
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that this work has been presented as the first part of
an extensive series is not at all binding for the au-
thor. Future circumstances could force the author to
switch to yet another more important subject. If the
paper is not written in English, one should also take
care that the title gets a duly impressive translation
for Chemical Abstracts.
Introduction
The introduction is a road map for the paper. It
should capture reader’s interest and lure them to
read on for the rest of the text. It should convey a
lot of information to let the reader know what the
subject is and why it is important. It should also ar-
gue why the work has been carried out and indicate
whether the work is theoretical or practical, even if
it is sometimes difficult to decide between the two.
Some mentors suggest that the choice should de-
pend on content. For example, if the paper deals
with solving a theoretical problem and provides
mathematical models and framework, then the work
should be classified as theoretical. If the results can
be used in practice then the paper is user-oriented.
However, this approach has a downside, as it can-
not help to classify papers dealing with nothing.
This is why we suggest that papers should be clas-
sified based on what they do not involve. This
means that a paper could be classified as theoretical
if the results are not applicable in practice. Alterna-
tively, it could be classified as practical if theory is
completely ignored. Thus, a paper could be de-
scribed as involving application of theory in prac-
tice, if it deals with neither theoretical nor practical
problems. However, this classification does not ap-
ply for theoretical papers, which might also be used
in practice. Fortunately, virtually no such case has
been recorded in chemical literature, and the pro-
posed classification stands unchallenged.
It is assumed that the author has at least some
idea about what to write, but the central idea cannot
come out of the blue. It needs to be introduced in a
way that makes sense to a reader. The introduction
should give reasons why a problem has been stud-
ied. The reasons presented in the introduction do
not have to correspond to the actual reasons; more-
over, this is not even advisable. A topic must be
carefully selected to avoid troublesome questions.
Therefore, one should limit research to the ordinary
and easily available chemicals, which can be bor-
rowed or obtained in a way that does not require
author’s own effort to synthesise them. The same
approach applies for the method and equipment
used. Evidently, these reasons must not be revealed
in the introduction. The first thing to do is to come
up with as fascinating a subject as possible. Natu-
rally, the proposed subject would have something to
do with the experiments. It should end with a com-
pelling story, an attractive quotation, an interesting
question, or with a stirring example to give an idea
why this topic matters and to invite the reader to
follow through this interesting discovery. The
reader must be convinced that the paper treats an
enormously important subject, which nobody else
has addressed before. Then a discreet note may fol-
low suggesting that despite all adversity, the author
has figured out a simple and elegant solution to the
problem.
The following example illustrates how to write
an excellent introduction; for instance, a part of a
research programme concerns hydrogenation. The
focus is on hydrogenation of benzene because a
bottle of benzene was just at hand on the laboratory
shelf. The catalyst used was once received as a free
sample, and the authors have slightly adjusted for
measurement a distillation apparatus borrowed
from a colleague from the lab next door. Various
mixtures of benzene and hydrogen are then put into
this “reactor”, and a variety of resulting data are
plotted in a series of assorted diagrams. Generally,
the obtained results are good-for-nothing, but this
has never put in doubt whether to publish or not.
The answer is always positive.
The significance of the results could be duly
emphasised in the introduction by saying something
like: “Large-scale industrial reactors are rather
complex systems possessing parameters which can-
not be easily generalised. Consequently, only a
fraction of gathered data could be used to design
new units. Computer models, which are able to treat
a process with many degrees of freedom and which
involve computer graphics, almost invariably blur
the presentation of otherwise reliable-looking data
that in fact do not entirely correspond to reality.
Since data from large-scale reactors (or from com-
puter simulations for that matter) cannot provide
dependable input for process design due to inflexi-
ble handling and control, obviously the best solu-
tion is to apply laboratory equipment and its subse-
quent scale-up. Laboratory model reactors have
proven to be very convenient for conducting exper-
iments, for validating the properties of materials
and for modelling relationships.” This should do to
present the problem and stress its importance. A
well written introduction should not fail to make
the reader uneasy. It should be a challenge to make
the reader aware that until now he has been un-
aware of such a serious issue. In addition, he should
feel ashamed for overlooking the possibility to
solve the problem earlier. “This is why all experi-
ments were carried out using the laboratory-scale
reactor, taking into account all the difficulties ensu-
ing from its complex behaviour.” This statement is
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very true for the ‘reactor’ under study and shows
that the problems mentioned above have completely
been overcome due to author’s clever approach.
Then the article could continue as follows: “Even
though investigations carried out in laboratory reac-
tors are fundamental for the design of industrial
processes, they have not received due attention. The
aim of this study was to establish the basic phenom-
ena using a simplified model reactor and to contrib-
ute to practical applications of the chemical reactor
theory”.
Experimental part
It is relatively easy to compile the experimental
part. The best way to do it is to find an article in lit-
erature that looks convincing enough and then copy
a part of it with slight modifications. The text must
be well structured to make the impression that ev-
ery single detail is included and that the work was
carried out with utmost precision. For example, an
inexperienced researcher would say: “The tempera-
ture was measured using a mercury thermometer”.
By contrast, an experienced scientist would write
this: “The temperature of the reaction mixture was
measured using a mercury thermometer 4.22 mm in
diameter, and mercury column length of 122.74 mm
at 20 °C. The thermometer was calibrated using the
standard Zeiss thermometer with certified accuracy
of 0.01 °C. It was placed in a bulb so that the dis-
tance from the bottom was 23 mm. Comparative ex-
periments confirmed that the position of the ther-
mometer did not influence temperature reading.
Temperature was read 73 seconds after immersing
the thermometer.”
However, one serious problem has to be con-
sidered when writing the experimental part. There
is always a risk that somebody would like to repro-
duce our results, no matter how senseless the sub-
ject of our work is. In order to eliminate suspicion
that the work was carried out irresponsibly, the de-
scription in the experimental part must create a
strong feeling that the amount of information is suf-
ficient to reproduce the experiment, yet a key item
must be omitted. A thorough analysis of the prob-
lem should tell which information is to be denied.
This may require certain experience, which is
largely gained by reading current patent literature.
Theoretical part
Mathematical procedures are sometimes very
useful to correlate and evaluate results, but they pri-
marily serve as decoration. Partial derivatives, mul-
tiple integrals, vectors, tensors, infinite series, and
limits are particularly impressive. This is why the
author should use the most complicated mathemati-
cal means available. Here is an example; an un-
skilled scientist would write: “Chemical reaction
can be described by the kinetic rate equation of the
first order”. An expert researcher, however, would
find the most complicated and the most general
equation in a chemical engineering textbook de-
scribing an industrial chemical reactor and accom-
pany it with the following text: “A mathematical
model that can describe the behaviour of the whole
experimental equipment is absolutely needed in or-
der to evaluate measured data. The equation (1) can
be derived from the differential balance and is valid
for non-isothermal, non-adiabatic, imperfectly
stirred, and non-steady-state flow reactor in which
activity coefficients, diffusion coefficients, density,
specific heat, reaction enthalpy, activation energy,
and thermal conductivity depend on composition,
temperature, and pressure.” Follows the equation,
which should occupy at least half a page, and then
the text can continue as follows: “It was necessary
to make certain simplifications since the relation (1)
cannot be resolved analytically, and the numerical
solution is not feasible even with the use of the
most powerful computers”. The author may then
simplify the equation based on assumptions like
both input and output flows are negligible, mixture
behaviour is ideal, the reaction runs isothermally,
etc. Finally, after several pages describing these re-
ductions, the rate equation of the first order would
be obtained with the following comment: “After
having implemented simplifying solutions, the
equation (1) was successfully converted into an an-
alytically integrable expression. As a result of inte-
gration, the equation (32) was obtained and used for
evaluation of experimental data.”
The advantage of the procedure described
above is obvious. The author has managed to intro-
duce a cornucopia of equations, several dozens of
symbols, two pages of description, one page of sim-
plifications, and in addition, he has brought into
play a lot of trendy terms such as non-ideal, isother-
mal, unstable, activation energy, etc. A quick look
at this article must convince everyone that it was
written by a most erudite author, who is an excel-
lent specialist in the field. In addition, the vast
amount of equations will result in tremendous re-
spect of most chemists (even the authors’ co-work-
ers), that will discourage further reading. As a re-
sult, the author will retain reader’s interest and re-
spect, and his reputation will remain spotless.
Discussion
The Results section, which usually follows the
Experimental section, brings the only factual infor-
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mation, leaving no room to discuss the significance
of the results obtained. Therefore, as a rule, every
paper must include a discussion in order to show
how profound and erudite the author actually is. In
addition, the discussion can criticise other authors’
findings, as needed.
However, a certain inconvenience arises for the
author of a paper in which nothing is solved and in
which there is nothing to discuss. In such a case, it
is recommended to repeat a piece of information
from tables and diagrams of the experimental sec-
tion. Sticking to ethyl acetate hydrolysis, here is an
example: “An interesting conclusion can be drawn
from experimental results, namely that the concen-
tration of ethyl acetate decreases monotonously and
asymptotically approaches zero after a sufficiently
long time. By contrast, the concentration of sodium
acetate shows an increase.” The discussion is more
elegant (and more assertive of the author’s intellect)
if an extreme could be found on any suitable curve
in a diagram. For this purpose, the author should
make every effort to “discover” variables which
show, say, a maximum in a plot. A suitable variable
for the hydrogenation reaction could be the product
of the concentration of the initial compound (ben-
zene) and the concentration of the final compound
(cyclohexane). Plotting this variable against time or
degree of conversion would make it possible to
draw the diagram needed. This in turn could lead to
an outstanding conclusion such as the following:
“The dependence of the product of benzene and
cyclohexane concentrations on time is rather re-
markable. At the beginning, this parameter in-
creases until it reaches the maximum and then it
starts to decrease. A similar extreme was observed
for its dependence on the degree of conversion.”
The crown of the discussion is to note that the
results obtained are different from those of other
authors. For example, “In contrast to Chuchata,
who has pointed out that hydrogenation of benzene
is a rather slow reaction, we have found that this re-
action takes place rapidly”. Of course, there will be
no mention that Chuchata studied hydrogenation in
the liquid phase at 20 °C using a platinum-based
catalyst, while this study concerns the same reac-
tion in the vapour phase at 150 °C using nickel as
catalyst.
In discussion, great care must be taken to avoid
any statement which could be used against the au-
thor later on; basically, the author should avoid ex-
pressing his own opinion. The safest way to do that
is to compile opinions expressed in papers of re-
nowned authors. Selected texts could be pasted to-
gether with a little modification of assertive into
tentative sentences. The author need not be afraid
that individual parts would be recognised as a
fraud, particularly if the article is not written in
English. The danger that plagiarism will be dis-
covered is minimal since the discussion is fre-
quently copied from foreign language sources,
and language proficiency of the beginners is lim-
ited.
Order of authors
In practice, a beginner scientist hardly ever has
a say in the ordering of authors. Nevertheless, we
will discuss this problem just in case such opportu-
nity should present itself. To get it all right, it is
necessary to explain the symbolic meaning and the
importance of name ordering.
Almost every young scientist has the privilege
to start his career under the supervision of an older
and experienced scientist, who provides guidance
and interesting and plausible research topics. This
father figure deserves symbolic acknowledgement;
therefore his name should appear first and the
young scientist’s second. Naturally, the young sci-
entist is not happy with this situation and wants to
move his name up. In turn, the older scientist does
not intend to provide guidance to the young
co-worker for life. As time goes on, he will realise
that he can no longer cope with the harsh reality of
experiments, and that his invented tasks are entirely
unfeasible. He also feels that he can no longer dig-
nify an increasing amount of tiring questions by the
young scientist. He therefore decides to hand the
guidance over to the nearest subaltern. The main
task of the subaltern is to design more plausible
studies and to guide the younger scientist in such a
way that makes the senior scientist believe that this
is all of his own making. This situation usually re-
flects on the author order; the pseudo head (i.e. the
subaltern) occupies the first place while the senior
scientist takes the last.
All this clearly shows that only an inexperi-
enced young scientist would aspire to the first place
in the list of authors. Since authors need not to
prove their physical existence by ID, it would be
easy to add two fictitious names in front. It would
be particularly impressive if these names sounded
Arabic, Indian, or otherwise exotic, implying that
the lab is often sought after by foreigners who seek
valuable experience.
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